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I. INTRODUCTION 


Mankind, in the pursuit of “a better mousctrap”, has developed a wide array of 
engineering materials which possess various traits. Improvements in strength, reduced 
weight, resistance to fatigue and corrosion, machinability, ductility and toughness have 
been general goals in the continuing search for new materials. Aluminum moved into 
the forefront in the carly part of this century with numerous aluminum alloys having 
been developed for industrial use. 

Superplasticity, the ability of some materials to sustain elongations of several 
hundred percent under certain temperature and strain rate conditions, provides a means 
of further enhancing the performance of sclected materials. This behavior in mctals 
was merely a _ laboratory curiosity when first observed in a_ cold-rolled 
Zinc-copper-aluminum ternary eutectic alloy by Rosenhain as reported by Johnson 
(Ref. l:p. 115] in 1920. Undemvood [Ret 2) kindled the imest iccemt interes 
reviewing the work performed in the Soviet Union in the 1940’s. Initially thought to 
be confined to eutectic alloys, superplastic deformation has been obtained in other 
alloy types. Superplasticity has been applicd commercially to alumimum. alloys, 
titanium alloys, and nickel-based superalloys. Research in superplasticity has increased 
with the growth in commercial interest. The ability to form complex shapes with 
excellent dimensional accuracy and to produce smooth surfaces in a small number of 
operations using relatively inexpensive tooling cquates to reduced costs and increased 
profits for industry. Of prime interest is the application of superplasticity to the 
formation of components for the acrospace industry, where the climination of fasteners 
gives rise to reductions in weight and stress concentraters in the structure. 

The universally acknowledged prerequisite for superplastic deformation is an 
equiaxed, fine-sized grain structure which is stable at the deformation temperature. 
Control of the microstructure is essential to the understanding and application of 
superplasticity. Research at the Naval Postgraduate School has produced a high-Mg, 
Al-Mg-Zr alloy which can be superplastically deformed when properly 
thermomechanically processed. The focus of this thesis is to gain a further insight into 
the microstructure and microstructure evolution in this Al-Mg-Zr alloy through the use 


of differential scanning calorimetry complemented by transmission electron microscopy. 


Wi. BACKGROUND 


A. PHYSICAL METALLURGY 
1. Aluminum Alloy Systems 

Aluminum alloys are used extensively in industry, ranking second to iron and 
steel in terms of volume and weight [Ref. 3:p. 6.1]. Their popularity stems from the 
good strength ‘to weight ratio, ease of machining, weldability and resistance to 
corrosion and fatigue. Classed into two groups, wrought aluminum alloys are 
considered heat-treatable or non-heat-treatable based upon the means of strengthening 
employed. A heat-treatable Al alloy is strengthened by precipitation hardening, while a 
non-heat-treatable Al alloy must be strengthened by solution hardening or strain 
hardening. 

2. Alloy Strengthening 

In pure metals, dislocations are quite mobile through the crystalline lattice. 
Consequently, plastic deformation readily occurs, and those materials have little 
strength. Strength is imparted when the motion of dislocations 1s restricted in some 
manner. 

a. Solid Solution Strengthening 

When solute atoms are introduced into a solid, the result is an increase in 

strength. This strengthening occurs as the solute atoms interact with dislocations and 
restrict their motion. The degree to which solute atoms restrict dislocation mobility 1s 
dependent upon the relative contributions of the following mechanisms [KRef. 4:pp. 
387-393]: 


1) elastic interaction 

2) modulus difference interaction 
3) electrical interaction 

4) chemical (Suzuki) interaction 


5) local order interaction. 


All Al alloys are strengthened to some degree by the solid solution mechanism. 


b. Precipitation Strengthening 
Precipitation hardening, or age hardening, results from the presence of 
second phase particles which interact with dislocations and restrict their mobility. The 
second phase must exhibit decreasing solubility with decreasing tcmpcrature. 
Precipitation occurs when the alloy is heated to form a single phase, rapidly cooled, 
and: then femedtedsremaU Tn, where T,,, is the absolute melting temperature of the 
alloy. The strengthening second phase particles, or precipitates, are usually coherent 
with the matrix, resulting in an elastic strain field which also interacts with dislocations 
to increase strength. This is the primary strengthening mechanism for many 
high-strength Al] alloys. 
c. Dispersion Strengthening 
Dispersion strengthening, like precipitation hardening, relies on particles to 
restrict dislocation mobility, thereby imparting strength to. the alloy. Unlike 
precipitation hardening, however, the dispersion hardening particle, or dispersoid, is 
much harder than the matrix and 1s insoluble even at high temperatures. The 
dispersoids are a fine size and are incohcrent with the matrix. Dispersoids also may be 
introduced to inhibit recrystallization. 
3. Effect of Alloying Elements 
a. Magnesium 
The addition of magnesium to Al produces alloys which have moderate 
Strength with good ductility, with additional strength attainable through cold work and 
excellent corrosion resistance and weldability. Magnesium’s density and modulus of 
elasticity are lower than aluminum’s, resulting in decreases in those properties for the 
solid solution. Strengthening is by solid solution hardening, and some precipitation 
hardening may occur for > 7% Mg [Ref. S:p. 174]. Vrondolfo [Ref. 6:p..312] deseniped 


the precipitation of a second phase as: 
Supersaturated solution > Al + B (Mg<sAlg) 


The precipitation of f} during processing of Al-Mg-X alloys at NPS has been an 
important factor in achieving superplasticity. 
b. Zirconium 
Added to the Al-Mg binary alloy, zirconium acts as a grain refiner. The 
precipitation of a second phase, ZrAl,, occurs at extremely high temperatures. When 


present as a fine dispersoid, ZrAl,, increases the recrystalhzation temperature [Ref. 6:p. 
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414]. The presence of the dispersoid can control recrystallization during processing 
[Ref. 7:p. 2320] which will prove beneficial in achieving the required grain structure for 


superplastic deformation. 


Dee SUPE RaenSel CITY 
1. Phenomenology 
As yet no single explanation for superplasticity has been universally accepted; 
however, most relationships, which are phenomenological in nature, are centered about 


the power of Backofen, Turner, and Avery [Ref. 8:p. 980] 
So — "kee 


where 6 1s the flow stress, k 1s a temperature dependent material constant, and € 1s the 

strain rate, and mis a Strain-rate sensitivity coefficient. | | 
The current theories all consider grain boundary sliding accommodated by 

some additional mechanism as the explanation for superplastic flow [Ref. 9:pp. 30-32]. 


Most widely accepted are the relations [Ref. 10:p. 242]: 
Or 
é = D, o*/d? 


for the cases of superplastic flow rate-controlled by grain boundary diffusion or lattice 
diffusion, respectively. For either of the above cases, superplastic flow is strongly 
dependent upon grain size. 
2. Nhicrostructure 
There is general agreement on the miicrostructural prerequisites for 
superplastic deformation [Refs. 11,12,13:pp. 151-152,68-69,367-370]: 


1) equiaxed, fine grain size (< 10 jim) with high angle boundaries 
2) grain structure stable at deformation temperature 
3) deformable, dispersed second phase (if present) 


4) high resistance to cavitation. 


Attainment of these conditions entails somc form of grain rcfinement beforc 
dcformation occurs, and microstructural stability at the deformation tempcraturc 1s 
limited by grain coarscning or recrystallization which may occur at proximatc 
tcmpcratures. To stabilize the grain size prior to and during deformation, some form 
of grain boundary pinning is rcquired. An understanding of the evolution of the 
microstructure at those temperatures is essential to adcquatcly control it. 
a. Recovery 

Plastic deformation of an alloy produces an increase in the dislocation 
density. Recovery occurs to reducc the density and to arrange dcfects introduced 
during deformation. Thus there exists a driving force, the high intcrnal encrgy storcd 
during deformation, to return the alloy to a lower energy state [Ref. 14:pp. 2-3]. 
Dislocations are reduccd in number through annihilation by mutual interaction or by 
rearrangement into a lowcr cnergy configuration. The rearrangement results in a 
cellular structure with relatively dislocation-free intcriors. This proccss is termcd 
polygonization [Rcf. 4:p. 377]. The resultant structure has boundarics with orientation 
dilfiepences “= 5" INCI.) 192), 

b. Recrystallization 

Recrystallization occurs when new, less distorted grains form; gencrally, the 
misorientations of the adjacent grains cxcceds 10° [Ref. 15:p. 192]. Two modes of 
recrystallization have becn obscrvcd in alloys. | 

(1) Discontinuous Recrystallization. Discontinuous rccrystallization is the 
classical mode whcrc new, strain-free grains nuclcatc and then grow. This occurs as a 
high-angle grain boundary migrates through a deformed rcgion. The migration results 
in abrupt changes in the crystallographic oricntation of adjaccnt grains and in the 
reduced dislocation densities. This mode can be used for microstructural control, but it 
oftcn results in relatively large grain sizes unless significant grain boundary pinning 


OCCUrS: 


(2) Continuous Recrystallization. Continuous recrystallization is the 
gradual cvolution of a grain structure from a rccovercd state ; thercforc, nuclcation and 
growth is not involved. By continuous recrystallization, high-angle grain boundarics 
evolve from the gradual incrcasc in misorientation between adjacent subgrains. This 
can only occur whicn the rclatively morc rapid proccss of discontinuous recrystallization 


is suppressed [Ref. 12:pp. 75]. Continuous recrystallization has becn observed in other 


superplastic Al alloys by Ahlborn ez al. [Ref. 16:p. 944], Nes [Ref 17:p. 2055], and 
Watts ef al. [Refs. 18,19:pp. 196,205}. 
3. Thermomechanical Processing 

Most technologically important superplastic alloys require some type of 
processing before they exhibit superplastic behavior. This is true even if their 
elemental constituents make them candidates for superplastic deformation. For the 
Al-Mg-Zr alloy developed at NPS, two thermomechanical processing (TMI) variations 
have been employed [Ref. 20:pp. 24-27]. Figure 2.1 shows the region of the Al-Mg 
phase diagram in which the processing takes place. The TMP 1s schematically 
represented in Figure 2.2. The variations differ only in the warm rolling portion of the 
TMP. Both variations result in the same reduction and total strain for the material. 
The light reduction schedule reduces the alloy 1mm per rolling pass. This takes 
approximately 28 rolling passes, and the material is subjected to the warm rolling 
temperature for about 120 minutes. The heavy reduction schedule uses a constant 
reduction of 2 mm per rolling pass. The required number of rolling passes 1s less, 
10-12, and the material is subjected to the warm rolling temperature for approximately 


70-80 nunutes. 
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Figure 2.1 Aluminum-Magnesium phase diagram with TMP region indicated. 
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Figure 2.2 Schematic of the thermomechanical processing technique. 


C. DIFFERENTIAL SCANNING CALORIMETRY 

Several thermal analysis techniques are available to observe reactions which 
occur duc to a change in temperature. Differential.scanning calorimetry (DSC) 1s a 
technique that cmploys energy dillerences to mdieate the changes. “Tne sClstas 
material of interest and a reference material are placed into separate sample pans with 
covers. The pans are placed in individual holders in a thermal block which 1s under a 
dynamic atmosphere of inert gas. The materials are then heated, or cooled, at a 
programmed rate by individual heaters. This arrangement is illustrated schematically in 
Figure 2.3. A dual- loop control system ensures the samples are kept at the same 
temperatures while the programmed heating (or cooling) rate 1s maintained. Any 
difference in power required to maintain the same temperature and heating rate for the 
sample and reference is sensed by the instrument and is registered as a proporuonal 
signal on an appropriate recording device. A power deficit tndicates an endothermic 
reaction; a power excess, an exothermic reaction. Calculations can be made from these 


Outputs to determine specific heat or energics associated with the reactions. [Ref. 21] 
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Figure 2.3. [ifferential scanning calorimeter schematic. 
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Il. EXPERIMENTAL PROG CEDURES 


A. MATERIAL 

The nominal composition of the alloy studied was 10.0 weight percent 
magnesium and 0.1 percent zirconium. ALCOA Technical center, Alcoa Center, Pa. 
produced the direct-chill cast ingot using 99.99% pure aluminum base metal alloyed 
with commercially pure magnesium, aluminum-zirconium master alloy, titanium-boron 
addition for grain size control in the as-cast condition, and beryllium as 5% Be 
aluminum-bervllium master alloy for oxidation control. ([Ref. 22] The complete 


chemical composition of the alloy 1s shown below: 


Ingot No. oT re Mg = Zr Zn Th Al 
5725710 0.02 0.02 S008 009 OU iearen Bal 


The material studied had been thermomechanically processed previously by 
Grider [Ref. 20:pp. 26-27] and Klankowski {Ref. 23:pp. 23-25]. The thermomechanical 
processing, represented in Figure 2.2, produced two variations of the material. Samples 


were tested from both of the TMP variations. 


B. SAMPLE PREPARATION 

Two types of samples were prepared from the as-rolled material for study in the 
differential scanning calorimeter. The first type was a bulk sample cut utilizing a 
high-concentration diamond wafering blade in a low speed saw. The bulk sample 
dimensions were approximately 3.2mm x 3.2 mm x 0.95 mm. Smoothing was done by 
wet sanding on 600 grit silicon carbide abrasive paper to maximize sample-to-pan 
contact in the calorimeter. Bulk specimens were made only from the heavy reduction 
material. Thin disc specimens were prepared from both TMP variation materials by 
wafering the as-rolled material parallel to the long transverse direction to a thickness of 
about 0.35 mm. Further reduction in thickness to 0.30 mm was accomplished by 
mechanical grinding on fine grit silicon carbide paper. The discs were then punched to 
a diameter of 3.0 mm using a through-type punch. 

Foils for transmission electron microscopy (TEM) were prepared by twin-jet 
polishing in a Struers Tenupol 2 Electro-Thinning unit. A setting of 15 vde was used, 


and a solution of 25% HNO in methanol cooled to — 20°C was the electrolyte. 
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C. CALORIMETRY AND MICROSCOPY 

Calorimetric measurements were made using a Perkin-Elmer DSC-2C Differential 
Scanning Calorimeter with a Perkin-Elmer Scanning AutoZero accessory attached. 
The DSC results were recorded on a two-pen Perkin-Elmer Model 56 strip-chart 
recorder. Specimens were placed in aluminum sample pans with alununum covers. A 
high purity aluminum disc of approximately the same mass was used as a reference for 
the bulk specimens. The weight of the thin discs were small enough that an empty 
sample pan and cover served as the reference. The sample holder was kept under a 
dynamic atmosphere of dry argon flowing at 20 m/min. A temperature range of 
323-723K (50°-450°C) was scanned at progranimed rates of 40K/min. and 80K/min. 

Examination and miucrographic work was accomplished using a JEOL 


JEM-100CX II electron microscope. An accelerating voltage of 120 kV was employed. 


D. DATA REDUCTION 

After a DSC run was completed the data were corrected for any temperature 
dependence of the solid solution by subtracting a baseline value obtained from a 
second heating cycle applicd to the sample. The basis for this will be discussed in the 
next chapter. This was done so that the data for the first cycle reflected the reactrons 
which had taken place during that cycle. The data were subsequently converted to AC 


P 
vs. tempcrature plots by the below equation: 


NC (dH /dt)m™ (dT /dt)"! 


where dHI/dt is the pen deflection from the baseline, m is the sample mass and dT/dt ts 


the programmed scanning rate. 


Li 


IV. RESULTS AND DISCUSSION 


A. ESTABLISHMENT OF DSC BASELINE 

Materials processed by the two thermomechanical processing (TMP) variations 
were tested in the differential scanning calorimeter (DSC) as shown schematically in 
Figure 4.1. During the first cycle the sample was heated to the upper temperature 
limit, 723K (450°C), at a rate (40K/min) sufficicnt to observe the various solid state 
reactions which occur in that tempcrature range. These reactions are seen in Figure 
4.2. Returning to room temperature after heating to 723K, the microscopy, as shown 
in Figure 4.3, indicates the matcrial to be fully annealed and solution treated. Cooling 
the alloy at 4OK/min apparently has precluded the reprecipitation of any intermetallic } 
phase. Previous research by McNelley and Garg [Ref. 24:p. 918] also indicated that 
Mg was retained in solid solution when the alloy was quenched following solution 
treatment. Therefore, no reactions should be observed during the heating portion of 
the sccond cycle. The recorder trace of the second heatmme cycle, Fieuner4-4 amas 
essentially free of any indications of solid state reactions. Any activity rcgistered on 
the recorder trace of the first cycle, then, can be measured from the baseline established 
by the second cycle trace, and the changes which occurred should reflect only the 
internal changes of the alloy. These reactions are shown in Figure 4.5, where the 
second cycle trace has becn manually superimposed on the first cycle trace. 

Examination of the DSC trace revealed cndothermic peaks at opposite ends of 
the temperature range and a shallow exothermic deflection between them. The initial 
endothermic peak occurred over the temperature range 362-394K (89°-121°C). The 
exothermic peak occurred over the temperature range 396-545K (123°-272°C). The 
secoid cndothermic pcak was a doublet peak which extended over the temperature 
range 546-686K (273°-413°C). The temperature range which the exothermic peak 
spanned was approximatcly cqual to that of the second endothermic peak. 

The data from the traces of the two TMP variations were replotted to obtain a 
clearer representation of the reactions. The plot for the material processed by the 
heavy reduction schedule is presented in Figure 4.6. The data for the light reduction 


material is shown in Figure 4.7. 
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Schematic representation of the heating and cooling cycles. 
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Figure 4.3. TEM micrograph of Al-lOMg-0.1Zr heated to 733K: 
(a) Heavy reduction material, (b) Light reduction material. 
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Big 4.4 DSC trace of 2nd heating scan of heavy reduction material. 
can rate = 40K/min. Second scan of material shown in [° igure 4.2. 


tJ 
tl 


ta Sian mute 


aT Hy I : 
TET ETAT | 
‘en 













| Se z 
RATT EST TTT a 


ane UUM PULP eee PRU Ee 
HTT TAT SCH MTATAM T 
ORE LUNELIDOQENUNOSEROYEOQESACONY QORRUOREMOUAN?AseQ0 CARP AT TAERE COORAOOOOOAO EN CRAOA STEREO 
am LE A 
Bae TT Tcl BASU EDEAUEETAEEOEETA EEA 
LL 




















[: SS eee ay 
eel, eee el ote ree Woe fo an) ee ARTE yeitt, amt 
OS ree ee Sh AEE Pe ee apa 
PL deh beh ete TH IEEE De [ET EP a 
PY POMS eitie, Pte NE decid 1 De in / Anat jm 
a aa a ce 
: LLRs ey OD OS Eg 0 ed DO 
a ee er td Pe ed a eT 
PP tee te edie cheep 
ra i ee tir oy redline TE a ee eu 
oy We aan] 










Pn ee CVT hid fine i 






TiO! sii bri 


CR TET TTT 
PT TTT TT EE TTT TTT EET VTS 
TTT TAT TPE ETT Ed 
i 


Te Te HVT eer: 


pf TTT 
ite apace 








Figure 4.5 DSC trace of 2nd trace superimposed on Ist trace. 
H/dt measured {rom baseline (2nd trace). 
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Figure 4.6 AC. vs T plot for heavy reduction material. 
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Figure 4.7 AC_ vs T plot for light reduction material. 
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B. DSC COMPARISON OF TMP VARIATIONS 
1. Low Temperature Endotherm 

The data from a representative DSC scan for each TMP variation was plotted 
to determine the effects of the different processing schemes. This information 1s 
displayed as Figure 4.8. As seen in this figure, a low temperature endothermic peak 
was readily distinguishable in the heavily reduced material, while an extremely small 
endothermic peak was visible in the more lightly rolled maternal. Both peaks occurred 
over approximately the same temperature range. The position and relative magnitude 
of the first endothermic peak corresponds to similar ones observed by Lendvai, er al 
[Ref. 25:p. 593], Lacom, er al [Ref. 26qpae253),)Welasrme amd Adilcn se iceie: 2 eae 
225,762], and Papazian [Refs. 29,30:pp. 225,762]. In each case the lower temperature 
endothermic peak was associated with the dissolution of Guinier-Preston (GP) zones in 
other aluminum alloys. Osamura and Ogura [Ref. 3l:p. 837] reported similarly the 
presence of GP zoncs and associated endotherm for an Al-Mg alloy. According to 
Mondolfo [Ref. 6:p. 316], GP zones are formed in the first few seconds following the 
quench. It is therefore reasonable to attribute the first endotmermicupe to ne 
dissolution of GP zones which formed when the sample was quenched after either hot 
working or warm rolling. 

The aluminum magnesium alloy being investigated in this work does not 
obtain any additional strength from the formation of GP zones [Ref. 6:p.316]. Also the 
solid state reaction associated with the dissolution of GP zones occurs well below the 
temperatures of interest. Therefore the microstructural changes associated with the 
first endothermic peak were not pursued as a part of this study. 

2. Exothermic Peak 

A broad, shallow cxothermic peak was exhibited by both processing 
variations. In each case the exotherm covered an approximate temperature range of 
200K. The heat capacity magnitudes were nearly equal for both conditions and were 
relatively small in comparison to the second endothermic peak. Clarebrough er al. 
[Ref. 32:p. 98] observed exothermic activity in aluminum of 99.998% purity, deformed 
75% in compression at room temperature, which was similar in shape and position to 
that shown in Figure 4.8. In the calorimetric studies of an Al-Mn alloy by Howe 
[Refs. 33,34:pp. 595,610] similar behavior was also observed. Both Clarebrough and 


Ilowe attributed the exothermic activity to recovery in the worked materials. 
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3. High Temperature Endothermic Peak 

A large endothermic peak was seen in both the heavy reduction material and 
the ight reduction material. The temperature range spanned by these endotherms was 
approximately equal. The endotherm for the light reduction material appears to start 
and end about 25K before the heavy reduction material endotherm. The most notable 
differences between the two peaks were their basic shapes and magnitudes. On the 
heavy reduction material, a higher amplitude peak was registered first, followed by a 
lower level peak or plateau. The opposite situation was seen in the light reduction 
material with a lower amplitude peak occurring first followed by the peak of greater 
amphtude. Similar large endothermic peaks at the upper end of the temperature range 
scanned have been reported [Rels. 27,28,29,30:pp. 1178, 11872255703 | ior ay ee 
aluminum alloys. The dissolution of precipitates was the reaction causing the 
endotherm in those cases. Additionally, as seen in Figure 2.1, the solvus temperature 
for a nominal 10% Mg Al-Meg alloy, ~ 615K, les within the temperature span of both 
endotherms. 

Based on the immediately preceding discussion, the difference in the shape and 
magnitude of the endothermic peaks resulted from the dissolution of the B precipitate. 
Grider [Ref. 20:pp. 37,41] noted that the size and distribution of f phase varied with 
the reduction schedule used. Material processed by the light reduction schedule 
contained a uniform distribution of relatively coarse fi phase, while the heavy reduction 
material was found to have a less uniform distribution of finer B phase particles. In 
addition, the TEM micrographs of the as-rolled materials, Figure 4.9, has shown the B 
phase precipitated on grain boundaries of the light reduction material to be coarse and 
and more nearly discontinuous. The $ phase in the heavy reduction was a finer, but 
more continuous grain boundary film. The difference in the morphology of the } 
phases of the two TMP variations may possibly account for the dissimilarity between 


the two endothermic peaks. 


C. MICROSTRUCTURAL EVOLUTION DURING HEATING 
Differential scanning calorimetry provided suggestions for the sequence of the 
microstructural evolution in the alloy being studied. Hlowever, that analysis alone is 
insufficient to characterize accurately and completely the changes in the microstructure. 
To observe the evolution, transmission electron microscopy was utilized. Based on the 
DSC data, three temperatures.of significant interest were selected: 
1) the end of the exothermic peak, ~ 563K (290°C) 
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Figure 4.9 TEI HU holy of Al-10Mg-0.1Zr in as rolled condition: 


fa) Pieht seduction, (b) fieavy reduction. 
Arrows indicate B on prior grain boundary. 


2) the saddle point in the higher temperature endotherm, ~ 633K (360) 
3) the upper end of the temperature range, 723K (450°C) 
Upon attaining those temperatures in the DSC, the samples were rapidly cooled as 
shown schematically in Figure 4.10. The samples were then examined in the 
transmission electron microscope. 
1. Initial Microstructure 

The microstructures for the as rolled condition for the two TMP variations 
were essentially identical. A heavily distorted matrix with high dislocation density 
tangles was exhibited by both the heavy reduction and the light reduction materials, as 
shown in Figure 4.9. No apparent grain structure could be discerned, and the 
substructure was disorganized. Intermetallic } phase precipitated in grain interiors and 
as a nearly continuous film on what appeared to be prior grain boundaries. In a 
similar Al-Mg alloy, McNelley and Garg [Ref. 24:p. 918] noted an approximate volume 
fraction of 10% for the B. The B was generally submicron in size. As previously 
noted, the grain boundary f in the heavy reduction material was more obvious and 
varied in width from 160-265 nm. In the light reduction material, the B precipitation 
was coarser and less regular on the grain boundary. Widths of the B in the light 
reduction material varied from 380-790 nm. These differences are evident in Figure 4.9. 

A microstructure of this type is not expected to exhibit superplastic behavior 
according to current theory. However, superplastic response of this alloy has been 
obtained at NPS by Hartman [Ref. 35], Berthold [Ref 36], Klankowski [Ref. 23], and 
Grider [Ref. 20]. It can therefore be concluded that at some point prior to or during 
the deformation of the as rolled material, the microstructures have evolved to ones 
which are capable of accommodating superplastic deformation. 

2. Microstructure at 563K (290°C) 

The microstructure attained upon heating the heavy reduction material to 
563K is shown in Figure 4.11. The microstructure for the light reduction material is 
seen in Figure 4.12. Although the microstructures for both conditions still comprise a 
distorted matrix with a relatively high dislocation density, the most obvious change 
from the as rolled condition was the onset of a substructure formation. The 
dislocations have begun to arrange themselves into dislocation walls surrounding small, 
relatively dislocation-free regions. These regions are generally submicron in size. The 
light reduction material appeared to have a lower dislocation density at this 


temperature than the heavy reduction material, consistent with the greater time at 
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Figure 4.10 Schemat; 
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temperature during warm rolling. This local rearrangement of dislocations to form a 
cell structure results in the release of energy as a lower energy configuration 1s attained 
[Ref. 15:p. 192]. The exothermic peak seen in Figure 4.8 can thus be attributed to the 
recovery of the warm worked structure which took place in the six minutes required to 
heat the sample from 323K to 563K (50°-290°C). Previeusiescarch acini oath ie 
1276] has shown that material subjected to simular thermomechanical processing and 
held at 573K (300°C) prior to tension testing produced a recrystallized grain structure 
capable of supporting superplastic deformation. 

In both TMP variations heated to 563K, the f} phase was still present in 
abundance, with particle sizes of 1.0-1.8 fm in the light reduction material and 
0.2-0.6 4m in the heavy reduction material. The size difference in the f} most likely 
reflects the size difference seen in the as rolled microstructures. A prior grain boundary 
on which $ had precipitated was located in the heavy reduction material, and the 
precipitate size had increased to widths of 300-700 nm. No prior grain boundaries were 
found in the lightly reduced material. 

The light reduction material exhibited a few isolated regions which appeared 
to be the nucleation sites for discontinuous recrystallization. Although found only 
rarely in the foils, every case examined was adjacent to a f particle approximately 
1.0 4m in size. Similar areas were not found in the heavy reduction material. 

3. Microstructure at 633K (360°C) 

Upon heating to 633K, more extensive changes have taken place in the 
microstructures of both TMP variations. These changes are reflected in the TEM 
micrographs for both the heavy reduction and the light reduction materials, Figures 
4.13 and 4.14, respectively. Both materials have continued to undergo recovery, but 
now, extensive recrystallization has also occurred. Large dislocation-free grains 
(15-50 wm in the light reduction material and up to 250 tm in the heavy reduction 
material) were apparently formed by a nucleation and growth, or discontinuous, 
process of recrystallization. Some of the grains are associated with intergranular } 
particles, as shown in Figure 4.14, which appear to have acted as nucleation sites. 
Other recrystallized grains have apparently swept through and eliminated regions in 
varying stages of recovery and have been halted by arrays of B which had precipitated 
on grain boundaries during the prior warm rolling. Figure 4.13 shows a recrystallized 
region separated by intergranular J from a region containing a recovered structure. 


For the lightly reduced material, approximately 95% of the TEM foil area had 
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Figure 4.11 TEM micrograph of heavy reduction Al-l0Mg-0.1Zr 563K scan: 
(a) Partially recovered region, (b) B on prior grain boundary. 
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Figure 4.12 TEM micrograph of light reduction Al-10Mg-0.1Zr 563K scan: 
(a) Partially recovered region, oo 
(b) B nucleation site for discontinuous recrystallization. 


recrystallized discontinuously with the remaining area in various stages of recovery. 
Recrystallization by nucleation and growth had also occurred in the heavy reduction 
niaterial, but to a lesser extent. Approximately 50% of the foils of the heavily reduced 
material had discontinuously recrystallized. As with the light reduction schedule, areas 
which had recovered to form a fine substructure, I-4 jim in size, were adjacent to the 
recrystallized regions. The degree of freedom from dislocations in the recovered regions 
varied from an almost total absence, Figure 4.13, to a stage just slightly advanced 
beyond that found in the 563K condition, Figure 4.14. 

Previous rescarch by Grider [Ref: 20:pp. 37,41] indicated that the size and 
distribution of the B was not identical in the as rolled material of the two TMP 
variations. The size difference was also noticable when the materials were heated to 
563K. As a result of the coarser f} providing a greater number of favorable nucleation 
sites, i.e. particles larger than | fim in diameter [Ref. 38:p. 391], the light reduction 
samples began to recrystallize at a lowcr temperature than the heavy reduction 
material. Recrystallization likely was delayed in the heavy reduction material until the 
§ coarsened to a critical size required to act as a nucleation site. The size of the 
largest [} particle observed increased from 0.6 jim to I.1 jim as the material was heated 
to 633K. The earlier onset of recrystallization in the light reduction material accounts 
for the greater perccntage of recrystallized area. 

Examination of the microstructure heated to 633K was done to determine the 
cause of the endothermic activity seen on the DSC trace. It was thought that the 
endotherm reflected dissolution of fi, which should have been evidenced by reduced 
volume fraction and particle size of f. The micrographs, however, do not show any f 
size decrease. In the case of the heavy reduction the f} increased to 0.6-1.1 Jtm, and the 
light reduction [ size remained relatively constant at 0.8-2.0}tm. It cannot be 
conclusively stated from this study that the B phase has begun to dissolve at 633K, 
even though the material was at or above the solvus temperature. To assess more 
accurately the quantity of J} present at 633K it would be necessary to make volume 
fraction measurements. Time constraints and the requirements for statistical accuracy 
prevented those measurements from being made. The presence of the cndotherm in 
DSC results for both TMP variations presents a strong case for expecting that 


dissolution of f} has occurred up to this temperature. 
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4. Microstructure at 723K (450°C) 

At the upper end of the temperature range, the microstructures of both TMP 
variations were fully recrystallized, as seen in Figure 4.3 and Figure 4.15. The light 
reduction material exhibited a grain structure of almost exactly the same size, 10-50 
jlm, as secn at 633K. Grain interiors wered completely free of the dislocation tangles 
introduced during the warm rolling. Grains in the heavy reduction material had 
increased in size and were an order of magnitude larger than those of the lightly 
reduced material, reaching a maximum size of 500 jtm. Both the heavy and light 
reduction material contained some dislocations which are believed to have formed 
during the rapid cooling of the samples. The grain size of the light reduction material 
was limited by the nucleation of a large number of grains by the B at lower 
temperatures. Greater grain growth occurred in the heavy reduction material due to 
the retention of dislocations and a lesser number of nucleation sites. As the heavy 
reduction material was heated above 633K, sufficient driving force existed to result in 
further recrystallization and grain growth. The B previously observed in the grain 
interiors and on prior grain boundaries was completely absent in the heavily reduced 
sample after heating to 723K. No f} was seen in the grain interiors of the light 
reduction material. Some extremely fine B, 500-600 nm in width, was seen at a prior 
grain boundary, most likely the undissolved remnants from precipitation at a prior 
grain boundary. The short time of the heating cycle, ten minutes, combined with the 
rapid cooling upon reaching 723K may have precluded the dissolution of the coarse 
precipitates on the grain boundaries. The complete recrystallization of the 
microstructures and dissolution of § phase at 723K agreed with the DSC data which 


indicated a return to baseline values indicating a stop of solid state reactions. 


D. MICROSTRUCTURAL CHARACTERIZATION OF ANNEALED ALLOY 

As a means of comparing and further defining the microstructural evolution seen 
in the two thermomechanical processing variations, a sample of Al-10.0% Mg-0.1% Zr 
altoy from previous work [Ref. 23] was examined in the DSC and by TEM. The 
material was processed by the light reduction schedule and was then annealed for 1.5 
hours at 573K (300°C). The micrograph of the annealed condition, Figure 4.16, shows 
that a well-defined structure had formed encompassing dislocation-free regions. Thus it 
appears to be a recrystallized structure with a fine grain size. This conclusion is based 


in part upon the 300-500% elongations obtained from the structure when the alloy was 
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Figure 4.15 TEM micrograph of Al-10Mg 


(a) Heavy reduction - recrystallized 3 
(b) Light reduction - B remnants from pri 


g-0.1Zr 723K scan: 
grain interior 
Or grain boundary. 
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tension tested at 573K [Refs. 35,39:pp. 48,74]. When a fully recrystallized sample, 
obtained by heating to 713K, was tested under identical conditions [Ref. 36:p. 74], a 
superplastic response was not obtained. 

The light reduction and 573K annealed material was examined by differential 
scanning calorimetry as the previous material had been. The results produced by the 
DSC are shown in Figure 4.17. The DSC plots for all three conditions are shown in 
Figure 4.18. No peaks were observed until the temperature reached approximately 
523K (250°C). An exothermic peak, as observed in both the light and heavy reduction 
materials, was not expected since the 1.5 hours at 573K appeared from the microscopy 
to be sufficient for recovery and recrystallization. Any further heating of the material 
in the DSC would likely only produce some grain growth. The microstructure at 503K, 
Figure 4.16, shows no perceptible difference from the initial microstructure. The 
precipitates observed Were nominally 0.8-1.8 [tm in size. 

Continued heating of the annealed material produced an extremely large 
endothermic peak, twice the magnitude of the hght reduction material. The peak 
covers approximately the same temperature range spanned by both the heavy and hght 
reduction materials. The initial warm rolling of this material should have produced the 
same amount of precipitation [Ref. 24:p. 918] as previously seen. Therefore the 
greater exothermic peak height cannot be the result of the dissolution of an increased 
amount of §. This was partially substantiated by the decreased f size (0.4-1.5 }tm) seen 
in the micrograph for the annealed material at 633K, Figure 4.19. Previous data 
revealed discontinuous recrystallization had occurred in both TMP variations at this 
temperature. If it was assumed that the microstructure of the annealed material was 
completely recrystallized prior to heating to 633K, then no further recrystallization, and 
simultaneous release of energy, would be expected. The only subsequent change to the 
microstructure would be from grain growth which releases much less energy than 
recovery or recrystallization [Ref. 15:p) “$92)=5" [iterelore Willems @ueaerecton 
corresponding to grain growth should be very weakly exothermic. The microstructure 
at 723K, consisting of 10-50 tm grains, is shown in Figure 4.19. From the preceding it 
was assumed that the endotherm for the annealed material can be used as the “pure” 
endothermic reaction exhibited during the dissolution of the f precipitates. 
Furthermore, the reduced magnitudes of the endothermic peaks for the heavy reduction 
and light reduction materials indicate a superposition of the endothermic reaction of f 


dissolution and the exothermic reaction of discontinuous recrystallization. In other 
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Figure 4.16 TEM micrograph of light reduction Al-l1OMg-0.1Zr annealed for 1.5 hrs 
at 5/3K:(a) As annealed condition __ 
(Digeaed ta s63K and cooled to 295K. 
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Figure 4.17 AC, vs T plot of light reduction material annealed for 1.5 hrs at 573K. 
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Figure 4.18 AC_ vs T plot comparison ofheavy reduction, light reduction, and 
light reduction and annealed materials. 
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aluminum alloys, similar superposition of endothermic and exothermic reactions 
[Ref 29:p. 226] has been found. 

As previously seen, the time spent at the rolling temperature for the heavy 
reduction material was relatively short. This reduced the opportunity for dislocation 
rearrangement and energy release during warm rolling, thereby creating a larger 
potential driving force for recrystallization that material. The hghtly reduced material 
would have a lesser driving force due to the longer time at the warm rolling 
temperature. Upon recrystallizing the heavy reduction would have a greater amount of 
energy to release resulting in the smaller endothermic peak seen. The total reaction in 
the light reduction would produce a more pronounced endotherm due to the lesser 


stored energy. 


E. REI CATIONS 

There exists a small temperature range where; “as seaeresUl mo) menor 
thermomechanical processing and annealing, a 1-5 jim grain size can be obtained by 
continuous recrystallization in this and possibly other alloys. The microstructural 
evolution would be controlled by the rolling and annealing treatments to produce 
material capable of being superplastically formed at relatively low temperatures, 
Without cavitation, and to provide fine-grained material for enhanced corrosion and 


fatigue resistance. 
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Figure 4.19 TEM micrographs of lightly reduced and annealed for 1.5 hrs at 573K: 
(a) Heated to 633K and cooled to 295K 
(a) tideated to (725K and cooled to 295k. 


V. CONCLUSIONS AND RECOMMENDATIONS 


The following conclusions have been drawn from the data presented in the 


previous chapters: 


I 


G2 


A. 


Differential scanning calorimetry is sensitive to the reactions of recovery, 
recrystallization and precipitate _dissoluuons which occur in __ this 
thermomechanically processed Al-Mg-Zr alloy. 


The recovery of the highly, deformed Al-Mg-Zr alloy starts aftcr exposure to 
relatively low temperatures in a short time period. 


Thermomechanically processed Al-Mg-Zr alloys have experienced some degrce 
of recovery upon heating to 563K (290°C) in the DSC. This is a precursor to 
continuous recrvstallization required to provide a fine-grained structure capable 
of supporting superplastic deformation. 


Recrystallization _by nucleation and growth , has predominated the 
microstructures of both [MP variations after heating to 633K (360°C). | The 
grain sizes have coarsened to a size which will no longer support superplasticity. 


Dissolution of precipitated Pagse and recrystallization have taken place 
SS) and independently at the upper half of the temperature range 
studied. 


The microstructure evolution study terminated at 723K (450°C) with both TMP 
variations exhibiting a large grain, fully recrystallized microstructure, which 1s 
not able to support superplastic deformation. 


Ke was able to distinguish between the two TMP variations developed at 


é 


SUGGESTED TOPICS FORFUTURE RES@ARGH 


Based on the results of this study, further investigation by differential scanning 


calorimetry is suggested to more fully understand the microstructural evolution in this 


Al-Mg-Zr alloy, and subsequently develop improved methods of mucrostructure 


control. The following topics are offered for consideration for future study using DSC: 


Ibe 


Utilization of lower scanning rates, 20 K/minute and 10 K/minute, to more 
Closcly emulate the actual specimen warm-up time preceding an elevated 
temperature tension test. 


Heating as rolled matcrial at a modcrate rate to temperatures at or near the 
superplastic deformation temperature, then monitoring the response to the 
isothermal condition for varying amounts of time. 


Examination of material processed to suppress the precipitation of B which 


occurs during warm rolling. The effects of recrystallization can then be more 
directly analyzed. 


46 


ty 


o>) 


a) 


10. 


12. 


ey 


Poi Rit ERP NCES 


1 37d “Superplasticity,” Metallurgical Reviews, v. 15, Review 146, pp. 


Underwood, E.E., “A Review of SURE Sey and Related Phenomena,” 
Journal of Metals, pp. 914-919, December 1962. 


eee Handbook, Desk Edition, pp. 6.1-6.70, American Society for Metals, 


Mevers, M.A. and Chawla, K.K., Mechanical Metallurgy, pp. 383-393, 
Prentice-Hall, 1984. 


ee W.F., Structures and Properties of Engineering Alloys, McGraw-Thll, 


ae dolfo ee Aluminum — Alloy 


E Ss: Structure and Properties, pp. 
311-323,413-416,590, Butterworths, 1976. 


Wadsworth, J., Pelton, A.R., and Lewis, R.E., Ce Piaste Al-Cu-Li- Mg-Zr 
Alloys,” Metallurgical Transactions A, v. 1GA, pp. 2319-2332, December 1955. 
Backofen, W.A., Turner, I.R., and Avery, D.H., Transactions of American 
Society for Metals, v. 57, p. 980, 1964. 


Glico anemlancdon, 1.G., Comments on Theories of Structural 
Superplasticity,” Materials Science and Engineering, v. 36, pp.27-33, 1978. 


Sherby, O.D. and Ruano, O.A., “Synthesis and Characteristics of Superplastic 
Allovs,” Superplastic Forming of Structural Alloys, Conference, Proceedings of, 
TMS-AINIE and ASM 1982, pp. 241-254, The Metallurgical Society of 
AIME, 2 


Diovd ).) and yiloore, D.M., “Aluminum Alloy_Design for Superplasticity,” 
Superplastic. Forming of Structural Alloys, Conference Proceedings 0 
ee and ASM’ 1982, pp. 147-169, The Metallurgical Sociéty of 


Wert, J.A., “Thermomechanical Processing of Heat-Treatable Aluminum 
Alloys,” Microstructural Control in Aluminum Alloys: Deformation, Kecevery 
and Recrystallization, Symposium Proceedings of TMS-AIME 1985, pp. 67-94, 
The Metallurgical Society of AIME, 1980. 


Sherby, O.D. and. Wadsworth, J., “Development and Characterization ol 
Fine-Grain Superplastic Materials,’ Deformation, Processing, and Structure, 
Papers presented at the 1982 ASM Materials Science Seminar, pp. 355-388, 
American Society for Metals, 1984. 


47 


14. 


Iie 


18. 


We). 


20 


ole 


22, 


Zoe 


24. 


Tes, 


26. 


oie 


Cotterill, P. and Mould, P.R., Recrystallization and Grain Growth in Metals, 
John Wilcy and Sons, 1976. 


oe D., Introduction to Dislocations, 2d ed., pp. 192-224, Pergamon Press, 


Ahlborn, H., Hornbogen, E., and Koster, U., “Recrystallization Mechanism 
and Annealing Texture in_Aluminium-Copper Alloys,” Journal of Material 
Science, v. 4, pp. 944-950, 1969. 


Nes, _ E., “Strain-Induced Continuous’ Recrystallization. in _ Zr-bearing 
Aluminium Alloys,” Journal of Material Science, V. 13, pp. 2052-2055, 1978. 


Watts, B.M., Stowell, M.J., Baike, B.L., and Owen, D.G.E., “Superplasticity in 
Al-Cu-Zr allovs Part I: Material preparation and properties,” fetal Science, v. 
10, pp. 15737 ee iiniest 7c 


Watts, B.M., Stowell, M.J., Baike, B.L., and Owen, D.G.E., “Superplasticity in 
Al-Cu-Zr_allovs Part If: Microstructural study,” Meral Science, v. 10, ‘pp. 
198-206, June 1976. 


Grider, W.J., The Effect of Thermomechanical Processing Variables on Ductilit 
of a High-Alg, Al-Mg-Zyr eee M.S. Thesis, Naval Postgraduate School, 
Monterey, California, June 1986. 


VicNaughton, J.L. and Mortimer, C.T., “Differential Scanning Calorimetry,” 
S;. Physical Chemistry Series 2, v. 10, Butterworths, 1975, reprinted with 


permission by Perkin-EImer Corporation. 
ALCOA Technical Center, [tre 20] cus. 3 


Klankowski, K.A., Retained Ambient. Temperature Properties of 
Superplastically Deformed Al-10%Mg-0.1%Zr, Al-10%Meg-0.59% Mn and 
Al-10% Mg-0.4% Cu Allovs, M.S. Thesis, Naval Postgraduate School, 
Monterey, California December 1985. 


McNelley, T.R. and Garg, A., “Development of Structure and. Mcchanical 
Properti¢s in Al-10.2 Wt. Pet. Mg by Thermomechanical Processing,” Scripta 
Metallurgica v.18, pp. 917-920,1984. 


Lendvai, J.. Honvyek, G., and Kovacs, I., “Dissolution of Second Phases in 
Al-Zn-Mg_ Alloy Investigated by Calorimetric Method,” Scripta Metallurgica, 
¥. lo, Pp. 093-594) 1979) 


Lacom, W., Degischer, H.P.. Zahra Al Mo amc, C. Ye, Omre moniierc 
and Electron N era Seal Studies of Al-Zn-Mg Alloys,” Scripta Metallurgica, 
v. 14, pp. 253-254, 1980. 


Delasi, R. and Adler, P.N., “Calorimetric Studies of 7000 Scrics Alloys: 1. 
Matrix Precipitate Characterization of 7075,” Metallurgical Transactions A, V. 
ove pp. PIT i-1isoq luly 17 


4§ 


Zo. 


jek 


a2. 


Loe) 
Gs 


3D. 


30; 


oy 


38. 


ae), 


dicen cnc @elaclis Culommernic studies of /000 Series Alloys: 11. 
Comparison of 7075, 7050, and RX720 Alloys,” Mezallurgical Transactions A, 
v. 8A, pp. 1185-1190, July 1977. 


Eeaz a J... “The Effect of Warm Working on. Aluminu 
(075-T651,” Material Science and Engineering, v. 51, pp. 223-230, 1981. 


Papazian, J.M.,. “Calorimetric Studies of Precipitation and Dzissolution 
Kinetics in Aluminum Allovs 2219 and 7075,” Metallurgical Transactions A, V. 
13A, pp. 761-769, May 1982. 


OC merewewand Ocura, @. Vietastable Phases in the Early Stage of 
See en in Al-Mg Alloys,” Metallurgical Transactions A v. I5A, pp. 
835-842, May 1984. 


Piancoreuci a vi marerea ves ie. sand. woretto, iVl.H., Changcs in 
Internal Encrgy Associated with Recovery and Recrystallization,” Proceedings 
of the Conferéice on the Recovery and Récrystallization of Metals,pp. 917-920, 
nterscience Publishers, 1965. 


Howe. J.M., “Metallographic and Differential Scanning Calorimctry _ of 
Precipitation and Recrystallization in. an Al-Mn Alloy,” Metallurgical 
Transactions A, Vv. 1\7A, pp. 593-604, April 1986. 


Howe, J.M., “Differential Scanning Calorimetry of Aluminum Alloys,” 
Alwmninur Alloys - Their Physical and Mechanical pepo cs: Papers Me ere 
at the International Conference, v. I, pp. 603-619, Enginecring Materials 
Advisory Serviccs, 1986. 


Hartman, 1.8... Mechanical Characterization af a Sepa ee 
Alurminum-10.2% Mg-0.1% Zr Alloy, M.S. Thesis, Naval Postgraduate School, 


Monterey, California, June 1985. 


Berthold, D.B., Effect of Temperature and Strain Rate on Microstructure of a 
Deformed Superplastic Al-10% Me-0.1% Zr Alloy, M.S. Thesis, Naval 


Postgraduate School, Montcrey, California, June 1985. 


Micivelley, ) IR. Lee, E. W., and Gare, A.. “Superplasticity in 
Thermomechanically Proccsscd Hligh-Mg, Al-Mg-X_ Alloys,” Alununum Alloys 
- Their Physical “and Mechanical Properties, Papers presented at the 
lmt@mationale Conierence, v. {1, pp. 1269-1283, Engineering Materials 


Advisory Service, 1986. 


iMcomee ence ritcct Of a Finc “Particle De ea te om 1 leterogencous 
Recrystallization,” Acta Metallurgica, v. 24, pp. 391-398, 1976. 


Alcamo ivi... oe of Strain and Strain. Rate on the Microstructure of a 
Superplasticall eformed Al-10.0% Mg-0.1%Zr Alloy, Mechanical Engincer 
Thesis, Naval Postgraduate School, Monterey, California, June 1985. 


49 


INITIAL DISTRIBUTION LIST 


Defense Technical Information Center 
Cameron: Stations. 
Alexandria, Virginia 22304-6145 


Library, Code 0142 
Naval postgraduate School 
Monterey, California 93943-5002 


Department Chairman, Code 69}ly | 
Department of Mechanical Engineering 
Naval Postgraduate School _ 
Monterey, California 93943-5000 


Professor I. Re vMieNeilley, Codeqo ic 
Department of Mechanical Engineering 
Naval Postgraduate School 

Monterey, California 93943-5000 


Dr SJ. Hales Cogeco rla 
Department of Mechanical Engineering 
Naval Postgraduate School 

Monterey, California 93943-5000 


Naval Air Systems Command, Code AIR 931 
Attire L. Sloter 

Naval Air Systems Command Headquarters 
Washington, DC 20361 


Dr. Jeffrey Waldman, Code 606 
Naval Air Development Center 
Warminster, Pennsylvania. 18974 


Dr, Eui-Whee Lee Godenom 
Naval Air Development Center 
Warminster, Pennsylvania 18974 


PCDRaIeN Andrewsa om 

Supervisor of Shipbuilding, 
Conversion, and Repair 

Pascagoula, Mississippi 39567 


50 


No. Copies 








DUDLEY KNOX LIBRARY 
NAVAL POS"7R,ANTTATE SCHOOL 
MONT AY 2200.3 B02 




































2 Be heed pee 


‘ > Wi 
‘oie ade he sts ice Bb ak gst 


a ae 
~ i tind og 
“a ABS shag teh *s - 


— 
i) or 
SRM cae 






























































‘ 
Foe, 
ct Phare 
af a it J 
beieh dethsre r ‘ 
~ Mey ‘ os 
ceeded UR hate i Oe) hi ado seit VAR :f 
ers S25 PA Mad ng, 4 Vobaile ep Se «2 
Beh TE De nse ot ADT 38) oa se ui 4 br 6 f P 
otha bat Sek Mined © ee pe Ba lorimet ; ry 
"hig att My as tua! ety wy, veo au =, A Ca i | | “te 
hee Me ® z Pn Oi F SPIRE Ae og Cai a? \ 1} \ ye t 
Da Mt Da GUE nium Vb Roh hk WAT a2i gtehing SO be Bird po Ph Ny ih} ai | AI fe 
POTSDAM al ete os BUS Sia eh sé naigs SBT hans' ' : | | | Mil mL aa ) | ) Ses 
Yaar rr hare GA ihe wie SET eet HWE AE VN AR AT ee ity 
. Pw Lun cur bef rq Lie =) ret Vian \| \) | } 1 | | | +; Se 
bt ae RR rare Say gh Fhe aM fon | \) Wu \\ fa 
Mi Al te \\| } 1] | . 
ebay ben eae fat \| ll | | it’ 
FY ob oh orb bars F ah Wo kos Sek 7 » #)* | iB! ~ ae 
1 aM wtk ey Be Ae NS hich Bay zat gi MAT SH ad ty i tL wae i 
OoE Sigh Mae Alaal on oy Le et Pit WAKE Wedends- aes 1S OWA Died f Sete f 
tthe SARE AGE 26 tas: Asda te: shotgl # D308 Pinas Lane dys 83S Sosy fan Ange, wih * yt ae 
MMB BOS, ans dpb BAS An Mad af. ‘afi Fgh ae era Pere ay 
90 RNA Aye Te ee PUY ne Beer er be hs, > 
de uecr. UR RT WAS8 9s) 0 Khe BY. | 
Cost te phe i OP Get win 
Ee mane 1 Sar Ans " 








at 
ORs, “FR Ab AK ea ys ge nef 

! are . ; eee 

EAP omeM San, Bit x 9G tH 4, 
Bird atl toe ms TOY Phe hed en bw 
Pee MANA eka ie ad hap med eur ee) Dodi 

afeen oe UN eee PALL doom : 







CAD ft. 


Lr 
api abaks te Fad 



















































BEI! 5 : iat cad a re 
z SINS HR FY A ot ayhig EPs | fy 
SAdzs enh § gt Pie ok teed dak ewes tye BY Pbk matey 1S 9 4 gts, i Sep pa 1og dy 
’ OAs i ahah TA Wed detased dts0h Mp DAE bpaat Put oe SS Bice deb eC BIOTIN re | »$ Got n't V8 oe i *, hye 
MO SE5 905 eID NENF os hat a das Buy ALS *BAALS RAH Oh city “SN aah Laer ay Peery WES PP Nahe baad, 2 ne, Bei te, be wa Rtas : 
Aiae¥s  o Adil 524 ihe OA, 383 Pets ae pra | Minds) EST We as ChERG Zar sme SEAR ag peer 
: APF ib Ons Hy isd: Hoe rh eh We SNe. rs 2 
nee 5th Aig he 458 6 ed J, 7S 
wikgh od by 
Biahes ¢ POR AON ash Hes 





$oiy RF AN A ew; 
— Bho Saad fom «.. 
HF tak ke Fe beh € maize 


Bt ae Aeration fax = 
redone CEA Oe ; 
OVA Re Rel 

‘ 












WE! Tiny 
8 MERA = 7 
APYshS Venb ssf 
bor * PEER adc ctode g ws 
ded 










YE ist 
* aetheae- grey, 

Po bibkey Pet's in 
a Le a Pe , 
* é 











































x rr Orica yp. fF tad 
“0 Baba ver 5, 4 Md ee aa that's; ir 
B Hehe ye 6 r es Bast te pre ft) 
J LOPS ee heey BALL Ee BS FF eens ORF Hob Bag 
BA9EE oof, fAe Reds de rayne, MARS ¥. ooo Peet 2 Ph eh auscr, 
; Btsaip Lape Meno Bees 242 dod oo Meslay 
topos PPS AF te Bis ar Eee oe Pile’, PRATER cal Hatch iS had’ n 
Pom ah Bod teeta MMi ok assim dog Leen ve 
Jit o% oimgs: 8 ane * r 





Fah Fee chal, 






Me TP ae a ws dag Wee 

‘ a Sean Ff 2 ae ae Pe Cais pedi d ha Ua 

yt ae Bed cata? ot. ni nbs aust LLL ee a. ROT eh 

Fe 17 53°28, ©. Boks As SY i) ahem ast yg ce, CEPT ARAL COC ack Mee bef % 2 

2 UE ee Tie PP ora Sal S? ang, SF BP ese I 29 tend aed 
SF ih Aad, shaesd tad bos FA rmrbwe UF pik Fh betel eae 

bo Pues Paes, an ee Fioemhidad n-Roe 3 “a 

Hes pe Pe 

a 


agg $.2 ac F 
1G THM Meneduy Perens ot pe 
pM etd Faas coon hehe 

A ara cae ee 
lok 8 kbs 






























Febewed Ij 


















atefes, 2 
Lee | 
: 98 oF DOT aN. Fd asa tae ‘ 
# FU Oibas hat PLE da ‘ 
oF he YO nS Ens ie atone ad gk 
Mpa ds tine Ohibrt pdudez wht Badd 
ae hak us obs Pb yy 


Welt ae Cae st 
$55 ChaF oa Beet ak 
oP RAGE -» Bas SS, . 

: 










tDrteleg 6 ae 


























AME SV eat we AP Fal 5 ko 
‘ f aot Wes Me 7 2d eg, 0 44%, 
gr eR adel ia 3 ae oye date ee Se 28 
BER 8h 8 rh FeO Abe enaa se Jad ane Pe ay | ' + Lad RIS § 
te Le ME a Fea De Ie haan RD Sau Te a ROR a 
Oe ate ate SARE OE RG oh Fs 
Nt 8? Woot ¢ 1 tered: 3, , Z 










‘ yf <> 

aur % baa era Migs fancy oF ®t ey: ¥ f Bat 
Fae} Wks eb oe hes eit Aye eee Ofibee ke ib 
#, SOA PAN Bats soak, © FS hrd abide PAGS. BP han Gob par Ajai Ale bee 
UB a Et Stat et eee er ky A farvrvan bis en? 
Ua ce 0} COAT Se Sag Fehy 


aR has ORNS Fre ae ir a 5 
Js cy bap Ow dios eS 
be Fee 
Bel laticg 
























of OF OLD at Kare 4 R 
aT) Se LIRR ha Dag. . 
uw A ale Mar had Boe 





Cr 
Wald Eons é 









OS medp et inte ¢ 
Penigcas, 


































PY ‘od 
MET EERE agile es ag Hep. 
B59 Predera he Paes eae bey 
hte bh gn ath OAS ree hit wet B Mey ets faz Ley 
. Tay beg Pata f ou WOR ANd § wid Aba ak F ¢ 
thom eed; Ret oF Si ogee 25 Fowl ; 
Fyn die ate) 
PP 1h Wiens og wube 
Apt stat eee 
ae ohsP She : 

























Ppeak de 
wed oth Pulse 
Mish 25S ade 
Cp Oa a 8 0%, 
be LILI AS Y eee Tos 
ie tw Fe. 





Lire? he er 
Ph Feira Uh 2" ét Paha 2, 
EM Creede de ‘g Mae ae ae 
UF BR chy Pe 4g? by oat oh twig 
fae ee oe LAA dts T Pa 


ae 


ir 





~ 
‘ 





























Dig 
wv 
Wt dust 
































VOR Bal day eed 
iS F hte dep e wy ey 2 "hh FEL Ui eleee gf Sav hepa 
4 oo oak Gong m Se Wilerise s) » F, FF wdesrbne al gre ney ALS ee re 

; k P20 Td orsae oP Hi Mnbalpe § 3 PALE wae glands Wel aedas Gg eubyeal " 

S00 o. Ke rire fF 2,F Ft watet 8 he Se wn ee athe hy es a Peon aE vekyy € 4° 
AVE ob wp fy be a§ Lat Pe ce On She ALT A tere a, 5 fo Od pereem og, a 
- Ee ee Ordrel satay sPahosstgach fy 

Pp beae Maat ft osmy 


man 9" AS 
PAE hi Ty 
a Prise haw sp Lay > 

"HRP ised 





‘Rtanb) NA a Fors 
a4, 
‘a 





, . d+ isbt i Le 
ashes Ped aes 5 og OS acre dt anges 
PRAY a 4h WEEh Dg anghd ¢ 
SO hePia Fea wb 9 Rmae ot F 
Ayo. Ta act 
Avy DRd.¥ay 
TeINw TN2 


+ 


Bod mew b al a dry ssyy 
ae Bes a, of ITA 2 LS: 2. @rb 

¢ Bf oc aby dada FM ake ds jy 
1 Ca ee 


- t Sieg, 








































af 
AF och ak 
T at en ae fs 
: 












* 
Ao rey | 
rPrey Pas, 


Hoes 48.6 amy 
us, Ft w dat ‘ 


ht be | 


« 


bare 




















’ FIF BD a, 
Fb aps BoM ge 









Un Ree ee 

fon A « Pehl ee Pry ad 

wah shugdarten, ard ys 
toh Faia 
ie telee 8 Ne, 




















oP ge oeced oe Foe etheat 



















































































B*sedat  teiar} p ta 
els Pabetababbans ne oe 
Ah ele Po cite pean 
are Say A Siri bee : a 
rr ete Fd BLS 5 S38 Sapedne, c thine pated DORE SOL A a tk eRe 
FT 9 BP Fie Pak pos é OA? FS Xot stunt free ad ond ate ¢ 5 eee Ve desis. “98 o. 
gBaXe e965 > 5 ss LP BI idle erbbes t SEs tae Feegtyad AUN b BRa aa peaty Se 
Fe FR a9 oy Tree oe ik ie FAR a Cry) 4yFo xr, date e yEtg, ‘Sh tebe Caer tf, 
Fee eae y Wie Sey Brke et werk BN SU Sy kr We ‘ P “t* 9 Shy 
Od ett ad alt Ee Spa se Seed Ltt Ne > 
ere) PE eal ita 2 alpe eR T REST OE SS To A HLEsPigh ey 
Wo 0 6 Wie hige Be * er MT 5k bib a7: PALER sp: 
1" fo, yh LM DOA D Sas, BF Nas is trot by SRI ay Fe 
é a * Sus 
renee Sah Gite Rib ary os bat deb 708 










. RTE Lee . 
ata ee eh ery 
ae . 3 


Po ee 
Dep ee ae 3 ey 

e2 Fs 
E52 ds Debt Fag 
EYER, 
oe bce 












sot J) eS ey De ‘ 

PPP Let bay 

me a ’ eat é 
i 




























‘ : fie! #6d%, 
8 Sy, Ee it Oe ST ee oe 
FFP 6 ws: Cat ote oe Fn 3 FIP PT ese pny 
SEEM &.F ase - 
= ESS ei era 

ea oe oe 
e250 23 & Speeder 

is, as 

aati tae 
F58rF yr 
ef Sts Fe es 
Phat 


Lt ee x) 
a oh 
























































Hite ’ 
sti tv tete a rer 
he eed bY Wes eerie! 
<P OS EN FR Aga PNA p ese 
iol i te 2, ah fe 
tO a Gee 4 Kw 
' Pe thar Se | € 
w28ye oa 3s 
Pb del S19 Ie Ce PLPt NS , Ner gs 
¢ ay Se Yrrae sale? ae 83 










e 
¢ fs 00,9, 
Pe Le es 






oe 



















Pog 





































prams tein 
F Trea 
“YP yay sy PAVE 2a do % aa ar 

ié {2022 Ne Oy hy Uxy 

9) TERNS el os, inde bt ke 
eh A weed #3 ie t ter. Tuan sesgps te theses 
ay of aren ars FERS PEE besenyy, wee “Tate 
Y y abisss Pe RAS SG Rta anes PaaS ih #59 4 264 
aa setas ee ree ee UNS yo ganas, Faroe 

“be harry 
if PA 
Meh tad Ste 





Vt ¥. 
’ 





“tin, 








rh ee | vat 
PPD eee, whe gh gh was 
Ped OME Y? 8 ei FS Paw oe Fe 





SPP TIN EY seg t yy fp 
} ear ats tt AZ ot Oe Paes 
’ eye tes Pensey) | 





















































































TEAS gs 

: =e ~~ NY 98sy, sess a Zh 6 

g é - ’ bee aaa) OCSPS SY Oe Peete git Me oe Riel ie) SY orgs, a a RY ert 

6 ; v _, Fats ° ay Fa WE *DPO7S SIS Oe me de ty om SEO Aga: “GODS e Betas eh 20, ’ 
lng TAI fa dey tet eS Pe Tin Bee. Swans: oD hae z jryt 

FAS F Per hoe d” PFs weap PIR, 3: . ; o 7 ph on 7) Jaen ne ue P 3 eek 3 tihg: Aan Fa ests 

belie ae ESR sere 1" ord Lay Oe eS dus tS rutapebeas hd s hee 

ang La he SPS rit exsehs es “PoP eo rakes’ 5, RE prayer ew se by eS Ay 

ae HOLE. eaetinte ta) up ad Siryiey rey Se . Pp pepe ge Hodes fad 

UNM eH Searyen st > AB te 68 EPS Eh Ob Bie oy ot anny 

NOI s BSN ay PS 98 yi oe ae 

SPL ees * Bm pery ; 

fe 77 ; 






“SS? gee 2X 
ae TPQ Say es 


hae 























WSS Beet oat 
OY ser, 
i? ‘ EAS WP eS) Raa es FE ateryy 
ren yup at 
INA jo, TAPAS Peay gy ‘ 









z YP Ee 
atta 


7 REPSUC MPS HRS Pe ee 
Fey yas PAP IW 
ee oa 3 Yet 











Bieys 
SPWe Og era, 
Lert wn os. 






See Maqer ras g 
aN TE IN Be fae GR . 








































































aye po 
“08 Ory, .* 
Nia 6 Pe ws "etat ae 98 
VW =ap os r vahhtiee cs =i ‘ “cs a rye . “ uP or 
‘ f ee 4 sf as PP ON, ehan feel H, © Baby Dap oe 
bh a Le ‘ SNe ~ vaue : 
' tater oe Hiehpep epee at SN os pede egy SNe "eR ee G re 
SOE E By PO S.5 tht eh ae la ett aet ip SPF 535 LSE hy I} ‘ ‘ 
Hele a UE Fae ws, a bongs BB are Set EN SUIST Sm EN eas | Sn Bet 
#84 toes ure Pee EI Sy te ‘tprge MY APE Sere ee RO 
ee oy ugh ¢ VRE Suen: RHE rae a ? 
LET li sk WRF TDs ny 
(ALES Pees gay 


ENA BLIAD Pes ge oe 
LD tata FFA POS gaps 













7h JUN she ee 
Pp $V Aso 
al At ik eet FP) Fey; 


FY ec hme on 












m Mey 












































































PERE se gtigy MISA 
PENH oth wee PUPS ds NGA, SPU NE ye Oe ee 
* : ; AF NC Se BAR YP pany a he NEN Soh EM OLN SUR te ng. rye8 a ee 
Fralpadth® chp eo ee tine fa By ee iat et ara Reedy Muses LENA AN sie, PRE eye yype (Nees vie see = 
: bd toe T “of eta Pew PIELUG ORT LT Od Seah SRPV FgSe TT eh es ety WINN gay ana “aNir a 
f BF TELS /* 21 ay py shail, Pete ey SENS beet ny be 5 $d bs BELT) Say OE uO 
ul nie sa; Nae NR eat SPE SI INN ese ay EOm= we Top Bee IE ED 88 aan Ye Rowe is: Peas 
EE ET eek bine ra eae VPN TS Petes tx SH9 Dh on Fee ey Vat POPs gue gay 
ite aah ie ta gte Pat eH AW pe atte VON Sea 
Dy rene IS /*repegey ie oe et Cae Pe gvon, Fu, yen Fret iNPSaayeia Se, 
PAS PDS G26 os Bhs ga j8 pa Oy saitay a 
br Lethad gate TTS) titled Dn Te riTe =f 
SRF: yam ram Had Ue Thes Pepe aby wanna PLY i 
PETePuvwyeyy 






Pah 








Fra eG Seep UPLINT* 2 om ge 
oP 





































































eos 


"ehh gk; 





iq 


"EERE Chem, $08 Sua, s 2% yr Ytagy 
te Leto ert Ver Nga pert og AAT TEL ey. ag" 
Bry, Cells We POPES SNS see girs ete? wd. 
ee, '* . o* ™ as i eT beige afk wyor 
RAN “iyrayge 4 ZIEE* PRN IF oe Pus PRS NAS Dis me PVG We ON aS i) &s se setigts + 2 “seh 
“i beet | ™s LSPS LA may Ries eS: Tashan Catto ae Meare are Lee : , 
: > TAYE Hey ah reyeie me AM TRA Rie y oo) Other filo ae g AA 
UNIV SL OS 4 Be ode po. SPY LUPe Fey apy gps FED P Oe 7h bys, Berysy Tepes uh 
CHT ALV A ern te ie orinn Fereewepin! wy atte ' 
BFR ee Fee RENE US ope care 
BEATS Be Meigen 29s FON oy y 


:! st Danse UL ae 
PRS cae Pky FE" Fate 

» 
SE Pre eh argy gag, 
" Sotare ety 3 
FE pea ay ie, 


























o S.0g8 u 
way eu Tipely sta = dy ReaD ten p 
ae. iy We, oe es oe PtP, MG HE ly $.* sesame, 2Og8 3 ~* 
Pati tats Se : Hy fe meaty thet tatdi Epa ire 
Mott Pep ayury, 2) BSn Se Sew POV AAS ans ESE. bad edgy ope ye 
é a , . Ser T > 7 Sakae THe Usage he: 
ter aid i ee ‘ : Ae . r F # oty oe om Peinsg etre 
Pata telat teen Sone Reryan suger ; ene £0 eB ES 

plethdat stat Che aaa try f Mig Laat de 4 

YIN ASU ATS Margin gas ver: : x 

MVE Sse Stay, Ste 

Aer 





4 
FA MEW oth 8m BN As 
hax Yar the rye ave bed 
er 
; 


FPN fe ein oe 
Net ehh Mh atied at Pl TORT 
Spee nate 





fens 




























¥ IS) be me 
yuge Mat -@ Gg yaya t "ee Teen ys 
2 "6 Pree pute oom SOR ase, 
G9 ‘ = #his nL CHS 
ay si , ” « TV « « 
Prey : . Nedao la TET) ry wien a Cae Pen ry 
‘ Cot Faced lente LS : SGA by Sor Sees BSG agus 
we gS YESPIT Pemcytercicn, LET Yel s Foe ene ert Mtesuases an 
= % Nhieth Fa 1 Sob Mirae tblan trate 6 SPE my Lee eee 
EINE os mag SEN Whey re ry oy rg Wiha ompe 
WE teSetyegs pare 











PUR eyooiys 













* whe 3, 
tery Sh. Lee Me oye 

oh iy ey be {ke ree he oY 

pes APNE OP eee begs Pyne! 


























































“e 
2 61% vip aerd Baar peey 
secre Uy yee ay yan SIU sure eenenty 
oe ih we cae eee P| oP tte AV se ue HS are 
3 NEM OU Pe oo ay Dr my al ¥ atu at Wm ody ny z 
aT an Paik pt a Use) eyes wh fee ee ee Ure taen sg 
r 4 Toad dents 1 PRPW Uhh) oy aly, Neto oi NT) Or Rp pay Wee ‘ : Sharmngs hit 8 
oer yeage Fae SLE ty 0" inFaee py ow ve te Ml hk TRE gt tee Recta saa ererl | 7 
SPIN Re bh YP ig ony cad PU ere cussed Ee we a: lay de. 
SIR ATE Ur vrupany> FRCEENT ED G Bt cue ce ‘ 
Pe Se ee rei pg aed matin? £9 + te 
SUMP S Peryig paca ne worm Ay; PPM Bee ae ree By 
Nehiahe tied ta) PO wd 8 wg. 
mre, 












eleT warns 









PL aye 


Oy: 
ee 
Lead ESTEE YEP Fey y) 


Uk pe, 





(CCR ate 
* 











4, ‘ av Va try meu 











































































































































A Webs v. wat 
O Fed SELF eT Oye NCUly 4, ‘ . 
2 2 Ti ee ee) Vee 
Tee, Ms nt nett Wey be We eee SeyF Sond @ oy) ee, ean, 
2 : eS e ye te FOR SWIE Oheey ure: re biel ke Or ey 
Peps ce reas ni feeaed FaRROLS vitae thle he Wee Rees eee te ae we Wisse Wanye «leer ON, eae 
‘a 5a pas. Oe Gib trae Mm Las fae WP le papery 4 IVT ew wren set ng er ee Wytyn a sOeya einige cnet > 
Nowe Wefery cieceg en ttt Sos eyePwanroncss pests Vi Ah heen ulte ahs nr ETN a PUP Th os yy he iat SSFP ee at CSO Ss ae tet 
Mee rageys acer ten ete ree ahctbwces one sb ceakeemete nee ATER tL Ct Met Th 
2 Sy Ew Gee ‘4 Seve Ot Sh oy Lit loth LL SE eT Ty eer 
rapt oe Saren edad ints t 5 y “y 1s i ony ie a 10 Pade hg t “us, She +44 
ehoneederiars Stare lara 7m pes apie VE, Biter shoe, Pym : eral oe rere 
M % 6 Pie Pall O00 Qaep, ase te gy 4 PPE Oe wfery + ens ; " pe & 
te pi dehetehh de Tat OL a A A moe Deere Ceewee olin ge barerares ean AP AL 
5 Sh Sefissteh tia 7g ta tee Oe Sarath bai Viewew sy x re et RRU SY atin Fete VyEth, 4 
pe ; vives toe cig reeuryowre a Minow ey iin ard See smn § a states sal Weis 
by among 5 Cotati: evap bh gd hia Gard fa Tw Oem te ei ery HGh OF yas be, wre Mie Se eo mY *aby ok ght 4 aa 
aster tataens bb dtera. iets awn tag. aty yeh Se LA PIS SAT Yih area a 
4 bape ay Foxy vy, . > : ‘ ; ) 
Meth ta 3 teh Added Bea Ta ee Saher ay wre Weeuke venga’ 4 Torte be ip BG ae ? 
Ee Bate fy sery seam 3 fern se epptices q HVPe wre pat bind 3 ~ 
2 eet my @ NP YP EM 10 Fay dm HU oreo en pig spelen e 
Ph mw tein SZEN EEO ry we iavtei yy terete VP rt sey 
Fey pe ne, beth di da Te ta | 
Oe hom Fuser see mi 





hae eyhon 
PUTTY IO Osu Feo Su iy = 
rraetecare ryote clans ecorejeree tie gtniue 










































ee An OLD rh 
© aeteNd samy, oF hw 
yw = hisit.y 
. mary ’ ort ae) ; 
Veg ye PVN Ory EEN 8-4 8 8 ae ee ; 
; : eee eth Dated tS wre! tie) i aa ore err SE Aa v4: t Sieger 
ne write orton uber ten eters Rpororolb agit” itt eva Mich cotcesa nt ehoaea ena’ dnepate asi neg ast eS. 
i” s wm ern! a : , ee Mw lne ad 
wrnale adi de Dat +. wivnyetatt ra 4 orcs + © ETO 20 a cin 
‘> RB heedtorke tae 
IED youre vere, 
ta dol sat tay 





: PE BH 2 
Lele hati Lika ti ta : M4 


Alt we a] eh, 
€ Um OE ape gi 
90a rk Hee tee S| a 


“ROW Lay g 
Vesnmegy int 4 oO oleh A gsecy 
Lei es a AS aye. 
#4 












old a 
“yy 





12 Wwe ede tt 
erereset tera “” 
V9 FATE rot gags 

















ak 
Ps ae | re aa 



































1 
: ef ar yay died 
mest rt ie th mah read wre , Late un se VT, ete ‘ cd © Y 
PER . fe TOT. 4 Cope eee eet ale alae Nee 
; é Mb) s be tal a Pe ‘Sree wy i Mat 
: brad , ~ ‘ PUPA a Ooty 1 “atys, 
: tee ¥” PwPurrags rey oot 

Wier erre Drgey edh Sea tat wipe Tare aon pps 

eT] f ba ae ” m ay r 
“ btiela de gad) BO Wy hein Vein 2) 4 Ptah PP 8% 
fo aoe oh fenton tierce : 

ver j ©, ) ees ip ype ay Wl 

We Maye SrA aparece yer eyeyes oe eee sity ” 
be Ke gia ry Wee ee ey 






Bayese Phy 
NEW Biv de 8 Ay, hove 
OOM Oot ly FO UMh a weg, 
& VoqertMay 

FOP em eyed 


pre, yl 
We way HOUTA Ry, ois 
vbr: a 
















hia ¥ 
abSAL Sree 
. D7) ee 
PP UT yg Al Da The 
“¥ IPG fig bi Pk te 









a, ules 






PAH ny 
40 Vd 678 Ms, 









Pee, 4 peng “ashy 






















72 Pepys Ola rhe v. Be 
iv Pol eb ray r rei 
agi View 97. Py ay 04 Mark ones 
COW MP0, 8 ety op 9 'g dan soeth ee sp poy 
‘ore FONE 8 by Vd drt Ld . 
f Abs sislbed TTY ¥ 
'Pwte ‘M7 poo ee PA rape 'y' & a he 
baehele dala ds ee “Ure, an 












BMA & ¥yI4 D 
» Ust ty ewig 
DEVE RY ee yy oh 


/ welts tytn ‘ew 
Fu LOPE PUD oe Pe) 
ayy 


e 
FU Us Ore TU as 
Fh *> ory yyy 
































































et a 
Hyer omy saet ery fs ey eA MACE Oy ar rt ar) 
Hag See EN ure og Sel CU BARU WYANT ty Ee OA ER OF My yen ely 
re thde ai ae Se eae Pie Ay, +e gts! ONNen gag a 
WDD a Oy de FIUM rpg Aut Vig ye we 2a Le ee 
wy eel erht | Typ os Sf piee RLY e Vviee | te aa tats 
A ’ rare we lp re “ io tg vy) - 
So Ue We TY Hy ebdodes oak 9s ate * : Cay Sian Gv boy eee pv MTS vey 
¥ 0% Wie, ¢ ‘ Ver OEY ERNE gry Doha & its, eryoe wruvivry + 
Wt resis wre gr MEN TD su why 
OO Se mhesy ¢ Bw Nes HDG ry Ae fhde hk ie ey ) 
‘wlenre 4 SE UPOW yh ee m) a4 2 oe Te | 
CP ere orton, Miedeskd a ee 













: ts ny Vivier 
WER a ew oe heer’ & pe 
ORD ery y 
eh kahit they 
ae hid aan Yi 


PU: Gow sO Crepe re te3 
4 Paprote Sains 


tev hela tein Ladle A 20a Wy Pho 
POTN wsaTajie Weg iy, PR MOV OTE Ae Wtery: whe hes 
OF TOU rere pia ‘ - 


WiMedia te) ware 
Oks PRM Y: i. , 
ASvairnigp 2 Rit da a) arure iv ¥ 
. OOP Ue pe om ey, » y, Wy Ow oaten 

’ Sentie de Lid BY YE ee 


Wrys ernt: 

































CA Sea ne CR Vy Sse Ws 
“ > CR 7 UE Dwi “TQVPY Ope 
. ye wey. vr Mat | Oy 20 ee ayeat ty 4m, ares 1 ’ 7 
COE G4 y ee we Uy : wr erg We VDE IHASy:y Tory » nyse wry caine at A rap 

IPO? bo aum, WoO W eimre-yrULe o “hi 220) HPP M8, teyde5 8.0 ree 28. U8 yr wl esenyyn ridid ee) be ahd Noble 
Cm Or Ort OOOH WRU Pery Me adal Ath ca Y | Laie Fes ye Why hock ER a 
WI Ny PV Weber ervecg siren ay Fhe Ur Wg oy Ra Ae 

ieee ¥ 36 slat Mefig dd ate a F7E, TAP rb yy 

‘a f4 SFr w y, ‘ew 9 
Ren ee NT h! 2.9" te ny 






Ur bey we ha 
DRM 9 pap, 
Phra per, 09 5 





Ne WA aie citrg 

Sahel wus 
lds (date ¥, 
e 


4 
’'Co0-e woe 


vy he 2 Yeh, 
> oy 


OJ Gude BOs 2 


